BACKGROUND: Non-steroidal anti-inflammatory drugs (NSAIDs) inhibit the biosynthesis of prostaglandins and concerns have been expressed that they might attenuate the effects of exogenous prostaglandins. This randomized study was conducted to evaluate whether NSAID given during medical abortion with mifepristone/misoprostol in the second trimester has a negative effect on the efficacy of the abortifacient by prolonging the induction-to-abortion interval. METHODS: Seventy-four women were treated with the anti-progesterone mifepristone, followed by repeated doses of misoprostol 36-48 h later. They were randomized to receive a prophylactic pain treatment of either paracetamol and codeine or diclofenac with the first dose of misoprostol. RESULTS: Co-treatment of NSAID with misoprostol did not attenuate the efficacy of mifepristone and misoprostol. There was no significant difference between the NSAID and the non-NSAID group in the induction-to-abortion interval (5.4 versus 6.5 h) or the total doses of misoprostol needed (2 versus 3). The frequency of surgical intervention was similar (55.6 versus 52.6%). Women in the group treated with NSAID required significantly less opiates (P = 0.042). CONCLUSION: Co-treatment with NSAID and misoprostol does not interfere with the action of mifepristone and/or misoprostol to induce uterine contractions and pregnancy expulsion in medical abortion. Prophylactic NSAID administration reduces the need for opiate injections.
Introduction
The degree of uterine activity during pregnancy is thought to be regulated by the balance between the intrinsic suppressor, progesterone, and the stimulant prostaglandin F 2α (PGF 2α ) (Csapo, 1974) . Bygdeman and Swahn (1988) showed that treatment with mifepristone increased contractility in the pregnant uterus and sensitized the myometrium to prostaglandin. The increased contractility occurs 24 h after the administration of mifepristone and is due, in part, to a reversal of the hyperpolarization of the cell membrane and the progesterone-dependent inhibition in gap-junction formation (Garfield et al., 1988) . Following treatment with mifepristone, there is also an increase in decidual prostaglandin release and reduced activity of prostaglandin dehydrogenase (Norman et al., 1991) . Like prostaglandin, mifepristone induces softening and ripening of the cervix during pregnancy (Rådestad et al., 1993; Ngai et al., 1999) .
Non-steroidal inflammatory drugs (NSAIDs) inhibit the biosynthesis of prostaglandins. It has been shown that treatment with NSAID significantly prolongs the induction-to-abortion interval in abortions not using exogenous prostaglandin such as intrauterine instillation of hypertonic saline or Rivanol ® . An increase in endogenous prostaglandin production is essential for the effect on uterine contractility in this method and the induction-to-abortion time is significantly increased by NSAIDs (Ölund et al., 1979) . Furthermore, dysmenorrhea is associated with an increased uterine contractility caused by an increased endogenous PGF 2α production. In these women, NSAIDs are an effective treatment for pain and are believed to act via the reduction of endogenous prostaglandin. (Lundström et al., 1976; Smith, 1987) .
Since mifepristone leads to an increase in endogenous prostaglandin production in the uterus, concerns have been expressed that simultaneous administration of NSAIDs might attenuate the effect of mifepristone when used together with prostaglandin for first and second trimester abortion. Because of these theoretical concerns, NSAIDs are frequently avoided and a recommendation against their use given in protocols for medical abortion (Exelgyn, 1998) . On the other hand, co-treatment with NSAIDs and exogenous prostaglandin does not seem to influence the effect of prostaglandin with regard to uterine contractility or cervical ripening (Norman et al., 1991; Li et al., 2003) and does not affect the efficacy in women receiving methotrexate and misoprostol for early abortion (Creinin and Schulman, 1997) .
In medical abortion using a combination of mifepristone and prostaglandin, analgesic treatment is important for the acceptability of the method. However, the best treatment schedule remains to be established. The pain is most pronounced following the administration of the prostaglandin (misoprostol or gemeprost). It has not yet been evaluated in a prospective study whether co-administration of a NSAID with misoprostol following mifepristone has an influence on the efficacy of the procedure.
In the present study, second trimester patients received treatment with mifepristone followed by repeated doses of misoprostol. The primary outcome of the study was to evaluate whether co-treatment of NSAID with the first dose of misoprostol would affect the induction-to-abortion interval. The secondary outcome was to evaluate whether the combined treatment of NSAID with the first misoprostol dose would be a more effective pain control method than a non-NSAID analgesic during medical abortion with mifepristone and misoprostol.
Materials and methods
Healthy women with a singleton intrauterine pregnancy requesting abortion for socio-economic or fetal indications were asked to participate in the study, which was carried out between October 2003 and November 2004 in the Department of Obstetrics and Gynaecology at the Karolinska University Hospital, Stockholm, Sweden. The pregnancies were between 13 and 22 weeks gestation calculated from the first day of the last menstrual period and confirmed by gynaecological examination and ultrasound. Exclusion criteria were a history of allergy to misoprostol, any signs of local infections, major medical problems or not being able to understand the information provided. The women gave their written informed consent and the study was approved by the Ethics Committee at the Karolinska University Hospital/ Karolinska Institute, Stockholm.
The women received 600 mg mifepristone (Mifegyne ® ; Exelgyn, Paris, France) orally, swallowed under supervision in the clinic on day 1. They were then allowed home and returned 36-48 h later to receive four misoprostol tablets (a total of 800 µg), which were inserted into the posterior vaginal fornix. Three hours following the first dose of misoprostol, 400 µg doses were administered orally at 3 h intervals until expulsion. A maximum of nine doses of oral misoprostol was offered according to the routine protocol. A similar regimen has been described previously (Ashok and Templeton, 1999) .
The women were randomized into two treatment groups according to a computer-generated randomization schedule. Treatment was given with either two tablets of oral paracetamol 500 mg + dihydrocodeine 10 mg (Citodon ® ) or two tablets of 50 mg Diclofenac (Voltaren ® /generic). Diclofenac sodium is a potent NSAID with analgesic and antipyretic properties. It inhibits cyclo-oxygenase activity with a reduction in the endogenous production of prostaglandins. Diclofenac sodium is well absorbed following oral administration and the elimination half-life is 1-2 h (product information).
The tablets for the pain treatment were put in identical-looking opaque-sealed envelopes prepared by a research nurse who did not take part in recruitment. All patients received the study drugs from a midwife at the same time as the first misoprostol dose was administered. The patients were given the envelope containing the drugs by a midwife. The midwife was instructed to look away while they opened and swallowed the drugs. No special preparation of tablets was used. The study did not use placebo tablets, but all the staff and the researchers were unaware of the treatment allocations.
If products of conception were passed on the ward and appeared to be complete, no further interventions were undertaken. Products of conception were identified by visual inspection. Women were observed on the ward for 2 h after passing the products of conception and before discharge home. Patients who did not pass the placenta had a speculum examination performed and any products in the cervical os or vagina were removed. Surgical evacuation was performed if the placenta was not delivered within 1 h of delivery of the fetus.
Where women did not pass products of conception with five doses of misoprostol or within 15 h of administration of the first dose of misoprostol, they were considered to have failed medical abortion and received repeat doses of misoprostol the following day 24 h after the start of the first dose of misoprostol (Ashok and Templeton, 1999) . The induction-to-abortion interval was defined as the time interval in hours from administration of the first dose of vaginal misoprostol to passing the products of conception.
Pulse, blood pressure, temperature and systemic symptoms were monitored hourly following misoprostol administration. The women were counselled about the analgesia options available. The same information was provided to all women. Following the initial prophylactic dose of analgesia according to the allocated group, further treatment with paracetamol, codeine or parenteral analgesia (intravenous opiates or para cervical block) was provided as required to all women, but NSAIDs were then excluded. The nature and quantity of analgesia used were recorded.
The pain score was assessed pre-and post-administration of misoprostol. Pain levels were measured according to a 100-mm linear visual analogue scale (VAS; 0 = no pain to 100 = most severe pain). The woman was shown the linear VAS scale by the research nurse and asked to indicate the pain level. The research nurse was blinded to the study group assignment.
A questionnaire was given to the women to assess side effects (nausea, vomiting, diarrhoea, shivering, lethargy, headache, hot flushes and dizziness). The women were asked to fill in the questionnaire during the abortion and to complete it before being discharged home.
The volume of blood loss was estimated by collecting and weighing the sanitary pads and extracting their dry weight. In addition, capillary haemoglobin (Hb) was obtained on admission and before the woman was discharged home.
All women were advised to return for a follow-up ∼4 weeks after the induced abortion according to the clinical routine.
The sample size was estimated using Altman's nomogram (Gore and Altman, 1992) . A total sample size of 70 patents would give, at the 5% significance level, 80% power of detecting a standard difference of 0.67 of the induction to abortion time measured from the first dose of misoprostol to expulsion. Based on previous studies in the second trimester (El-Refaey et al., 1993) , this would account for a clinically significant difference of ∼2 h between the two groups.
The required dose of misoprostol, bleeding, pain intensity, use of analgesia and need for surgery were compared between the two groups as secondary outcome of the study.
A subgroup analysis was performed blindly before the code was broken for nulliparous/parous women and for two different gestional age groups (<105 days and >105 days). This was done to increase the understanding of the data obtained. Parity and duration of pregnancy are both factors known to influence the need for analgesia and the induction-to-abortion interval.
Data were analysed using the StatsDirect Statistical Software, version 2.4.4 (www.Statsdirect.com).
Continuous variables with a normal distribution are presented as mean and SD. Comparison was made using the Independent t-test.
Non-parametric continuous variables are presented as medians and ranges, and assessed for normality and comparison using the Mann-Whitney U-test. The χ 2 test was used for independent nominal data. Results were considered statistically significant if P was <0.05.
Results
During the study, 129 women requesting second trimester termination of pregnancy were screened. Among them, a total of 80 women met the recruitment criteria and agreed to participate. All women completed the study. A total of 40 women took Citodon ® /misoprostol and 40 women took diclofenac sodium/ misoprostol. Only those who aborted within 24 h were analysed further; 39 women in the non-NSAID group and 38 in the NSAID group. Retrospectively those with a missed abortion at entry were also excluded, i.e. one patient in the non-NSAID group and two patients in the NSAID group. The number of women in the final analysis was 38 and 36, respectively. There were a total of 38 (51.4%) nulliparous women (21 and 17 per group, respectively) ( Fig.1) .
None of the patients aborted following mifepristone administration prior to misoprostol. Thirty-four (85%) and 37 (92.5%) aborted within 15 h in the non-NSAID and the NSAID group, respectively, and all but three women (n = 77, 96%) aborted within 24 h and were included in further analysis. All three women had no prior vaginal delivery.
The clinical characteristics of the subjects are summarized in Table I . Women in the two groups were comparable in age, height, weight, gestational age, indication and history of previous births and abortions (Table I ). The median induction-toabortion interval was shorter in the NSAID group-5.4 h compared with 6.5 h in the non-NSAID group, but the difference was not statistically significant (P = 0.13) (Table II) . Surgical evacuation of the placenta for incomplete abortion was required by 20 women (52.6%) in the non-NSAID group and 20 women (55.6%) in the NSAID group (Table II) . The number of additional oral doses of misoprostol needed following the initial vaginal dose did not differ significantly between the groups with a median of two doses in the non-NSAID group compared with one dose in the NSAID group (P = 0.15) (Table II) . When the material was stratified for parity, the difference between the two groups in the induction-to-abortion time and the doses of misoprostol needed was most pronounced among nulliparous women (P = 0.096 and P = 0.058, respectively) than among parous women (P = 0.61 and P = 0.91, respectively) ( Table III) .
The median blood loss in the non-NSAID group was estimated as 231 ml compared with 407 ml in the NSAID group (P = 0.14) ( Table II) . The difference was not statistically significant. No woman needed a blood transfusion. Hb levels obtained before treatment and those obtained prior to discharge from the ward were available for 22 women in each group and did not differ significantly between the groups.. The median difference before and after treatment was a decrease of 7.5 g/l in the non-NSAID group and 5 g/l in the NSAID group (P = 0.81). When data were stratified by parity and gestational length, there was no difference in estimated blood loss between the two groups in nulliparous or in early pregnancy (<105 days) (P = 0.92 and P = 0.49, respectively) (Tables III, IV) . In parous women, the estimated blood loss was greater among women in the NSAID group (P = 0.039) although Hb measurements did not differ significantly (P = 0.46) ( Table III) .
The median of the highest pain score reported on the VAS scale was 7 in both groups. A significant difference between the groups in the use of analgesia was observed. Women who had received NSAID prophylaxis required less opiate injections (P = 0.042) (Table II) .
When stratified for gestational age, there was a significant difference between the two groups in the use of opiates. Less opiate injections were required in the NSAID group only in women with a later gestational age (>105 days) (P = 0.02) (Table IV) .
Side effects fever, nausea and diarrhoea were comparable in the two groups (data not shown). Vomiting was slightly but not significantly more common in the non-NSAID group (P = 0.20) (Table II) . No serious complications were reported in either group.
Discussion
Abdominal pain is one of the most common adverse effects of medical abortion (Spitz et al., 1998; Honkanen et al., 2004) . However, the analgesia requirements and regimens for medical abortion reported in the literature vary widely (Wiebe et al., 2001) . Due to theoretical concerns about prostaglandin inhibition by NSAIDs, such drugs are frequently avoided or recommended against in protocols for medical abortion. This is the first prospective randomized study which showed that co-treatment of diclofenac sodium with misoprostol did not affect the induction-to-abortion interval of mifepristone and misoprostol in late medical abortion. A potential weakness with the study design is that, because no placebo or special preparations were available, this could have introduced bias. However, the staff attending the patients and the researchers involved with analysing the results was blinded to treatment allocation.
Previously, and consistent with our results, it was shown that increased uterine contractility still occurs after mifepristone if prostaglandin synthesis is inhibited by co-administration of indomethacin (Norman et al., 1991) and that pre-treatment with NSAID did not interfere with the effect of mifepristone on cervical ripening (Rådestad et al., 1992) . Furthermore, cotreatment with diclofenac and misoprostol did not adversely affect cervical priming during early pregnancy compared with Table III . Stratified analysis by parity* *Median (range). Mann-Whitney U-test.
Nulliparous
Parous non-NSAID (n = 21) NSAID (n = 17) P-value non-NSAID (n = 17) NSAID (n = 19) P-value Induction-to-abortion interval (hours) 8.5 (2.8-22.0) 5.7 (3.5-11.2) 0. treatment with misoprostol alone (Li et al., 2003) . A retrospective analysis revealed that NSAIDs did not seem to have interfered with the action of misoprostol to induce uterine contractions and pregnancy expulsion in women receiving methotrexate and misoprostol for early abortion compared with a group of women who did not receive NSAIDs (Creinin and Schulman, 1997) . It has previously been shown that vaginal administration of misoprostol following mifepristone is more effective than oral administration for second trimester induced abortion (Ho et al., 1997) -probably due to increased bioavailability and a more pronounced effect of misoprostol on the myometrium following vaginal administration as demonstrated in the first trimester (Zieman et al., 1997; Gemzell-Danielsson et al., 1999) . However, most women prefer the oral route of administration (Ho et al., 1997) . The results of the present study confirm previous reports which have shown no decrease in efficacy in the second trimester with subsequent oral doses of misoprostol provided the first dose is administered vaginally (El-Refaey et al., 1995; Ashok et al., 2004) . In our study, 89% of women aborted within 15 h and 96% within 24 h, with no significant difference between the groups.
The median induction-to-abortion interval was comparable with that previously reported with a similar regimen . Women who received prophylactic NSAID treatment tended to have a shorter induction-to-abortion time and needed less misoprostol. Although not significant with the present sample size, a difference between the groups in the dose of misoprostol required was observed in nulliparous women with a tendency for lower doses of misoprostol required by NSAID treated women. A difference between one or two doses may seem marginal, but still reflects differences in the induction-to-abortion time. Furthermore, a higher dose of misoprostol means more side effects and more pain. It is tempting to speculate that NSAID pain management in these women led to better relaxation and thus a shorter induction-toabortion interval. The number of surgical interventions were higher than that reported with a similar regimen , which probably reflects local practice. However, there was no difference in the number of surgical interventions between the groups.
Estimated blood loss did not differ between the groups in women with a shorter gestational length (<105 days), but seemed to be higher at a longer gestational length in women treated with prophylactic NSAID despite a shorter inductionto-abortion interval in this group. When stratified by parity, there was no difference in bleeding among the groups in nulliparous women while a significant difference was noted among parous women. In this group, there was no difference in the induction-to-abortion time. Caution has to be shown when interpreting the data on the reported blood loss since this was carried out by the routine staff and depended on their willingness and ability to collect and weigh sanitary pads and to estimate the bleeding; data were sometimes totally or partly missing. Moreover, in those women where Hb levels were obtained before and after the abortion, there was no significant difference between the groups in the observed Hb changes.
The main advantage of using the combination of NSAID with misoprostol as pain prophylaxis or advanced administration was that the use of opiates could be reduced. In accordance with previous reports, more opiate injections were needed in nulliparous women and at later gestational length (Hamoda et al., 2004) . Although the maximal pain score reported did not differ between the groups, significantly less opiate injections were needed following NSAID treatment. This difference was most pronounced in more advanced pregnancies (>105 days) and was probably reflected also in less vomiting in the NSAID treated group. Less need for opiate injections also saved on the cost and associated pain. This is the first randomized study to show a difference in analgesic requirement following prophylactic pain medication. Pain is a complex perception involving both physical and psychological components. Despite the fact that pain experienced in medical abortion causes significant distress, it has been only scarcely studied. No studies were identified which directly compared different analgesic regimens or prophylactic pain medication for the relief of pain experienced at the time of medical abortion with mifepriston and misoprostol. However, a placebo-controlled, randomized trial evaluated the relative efficacies of ibuprofen or acetaminophen (paracetamol) with codeine as prophylaxis in the context of early medical abortion with methotrexate and misoprostol (Wiebe, 2001) . The agents were taken as prophylaxis at the time of misoprostol administration, prior to the onset of pain. Severe pain scores were reported by almost a quarter of women and there were no significant differences in pain scores between groups (placebo, ibuprofen or acetaminophen with codeine). Women given acetaminophen with codeine reported taking less of the same medication later. In a non-concurrent cohort study on early medical abortion, the use of opiate analgesia was shown to be lower with prohpyactic acetaminophen compared with a control group without prophylactic treatment (Jain et al., 2001) .
The proportion of women undergoing late medical abortion who use narcotic analgesia varies among studies, but is generally ∼80-100% (Gemzell-Danielsson and Östlund, 2000; Ashok et al., 2004) . This is comparable with the 91% in the present study. Analgesia use varies markedly between centres. Across different studies, the following patient characteristics emerge consistently as predictors of narcotic analgesic use: higher gestational age; younger patient age; and lower parity (Westhoff et al., 2000a , Hamoda et al., 2004 . Typically, pain is most severe on the day of prostaglandin administration (Westhoff et al., 2000b; Fiala et al., 2004) . Consistence with our results, it was found that analgesia requirement was significantly higher in late medical abortion in women of younger age, higher gestation, and longer induction-to-abortion interval and with increased number of misoprostol doses used, while women with previous live birth were significantly less likely to use analgesia (Hamoda et al., 2004) .
In conclusion, this randomized study has demonstrated that co-administration of NSAID with misoprostol does not negatively affect the abortion process. Women who received advanced or prophylactic NSAID treatment tended to have a shorter induction-to-abortion time and needed fewer doses of misoprostol, especially among nulliparous women. The Downloaded from https://academic.oup.com/humrep/article-abstract/20/11/3072/2913824 by guest on 08 January 2019 differences did not reach statistical significance with the number of women included. There was less need for opiates following NSAID prophylaxis, especially at gestations of >105 days, although caution has to be shown when interpreting the data since the study was not double blinded. NSAID treatment did not seem to affect blood loss in nulliparous women and in women with earlier gestation. The estimated blood loss based on weighing and counting of sanitary pads seemed to be greater in parous women, although this was not supported by the changes in Hb levels.
There are no previous randomized comparative studies to guide the choice of analgesic regimen for use in abortion care. Despite theoretical concerns about prostaglandin inhibition by NSAIDs, available evidence indicates-and the present results support-that such agents can be used in abortion care without loss of abortifacient efficacy.
